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ABSTRACT 
Populations of the sympatric intertidal bivalves, Macoma 
secta and 1.h nasuta. are compared as to reproductive ecology and 
population dynamics. Histological examination of seasonal gcin-
adal changes indicate that both species undergo dormancy in the 
winter months and rapid gamete proliferation in the spring. 
However, the timing of spawning differs. The M. secta population 
synchronously spawned in August while the ~ nas uta population 
spawned lightly in late spring and more heavily in the fall. 
Fecundity estimates indicate lh nasuta ad<;is 140~0 of winter weight 
in gametes and M. secta only adds 43% of winter weight in gametes. 
Spat fall was detected in January for both spe~ies and was light 
in intensity, for either species only 24 per m • Nursery areas 
were determined for f .~ . nasuta, which correspond to adult distrib-
utions, and for ~-! . secta, which correspond to the upper and lower 
fringes of the intertidal distribution but not the center. 
Analysis of variance on distributional data indicate the temporal 
stability of density and size for H. sectq. M. nasuta densities 
were also temporally stable but sizes were not. Both species 
demonstrated significant changes in density with tidal height. 
A measure of seasonal population variability, the Population- · 
Time Mean Square (Green , 1969 ), was found to have zero correl-
ation with tidal height for ~ . s ecta, meaning that environmental 
stress was the same for individuals at each tidal hei ght. This 
is believed related to the gradient of.clam size to tidal height. 
An argument for density dependence in M. secta is given with 
emphasis on individual growth and realized population fecundity; 
the null hypothesis: As density increases, the resources per 
individual decrease, therefore the growth rate of individuals 
decreases. Analysis of sympatric populations indicate differing 
patterns of life history, pointing out that selection has favored 
these two speciesi coexistence. Analysi~ of population dynamics 
indicated that in comparison to ~~. nasuta (Low Ti de Horizon), 
M. s ecta U~id Tide Horizon) was more stable (terminolo gy from 
Ricketts, Calvin and Hedgpeth, 196Y). This support s Castenholz' 
(1967) idea that where climates are mild, the intertidal com-
munities are more stable than the subtidal communities. 
-iii-
TABLE OF CONTENTS 
ABSTRACT 
Table of contents 
List of tables 
List of figures 
In appreciation 
INTRODUCTION 
REPRODUCTION 
INTRODUCTION 
MATERIALS AND METHODS 
RESULTS 
Description of gonadal stages 
Inactive 
Early Active 
Late Active 
Ripe 
Partially Spawned 
Spent 
Gametogenesis 
Macoma secta 
Macoma nasuta 
Sex ratios 
Interstitial temperatures and salinities 
Commensals and parasites 
Spawning 
DISCUSSION 
ii 
iii 
v 
vi 
viii 
3 
4 
6 
7 
8 
9 
9 
10 
10 
12 
15 
17 
19 
19 
20 
21 
POPULATION DYNAMICS 
INTRODUCTION 
MATERIALS AND METHODS 
RESULTS 
Study area 
-iv-
Intertidal distribution of species 
Spatial and temporal changes in population ecology 
H. sec ta 
fu nasuta 
Population variability with tidal height 
Fecundity 
Recruitment 
Juvenile growth 
Standing bio~ass and gamete production 
Density dependence in H. secta 
Phoronopsis harmeri 
DISCUSSION 
SUMMARY 
Reproduction 
Population dynamics 
LITERATURE CITED 
Appendix 
40 
42 
44 
44 
46 
47 
48 
50 
51 
53 
54 
55 
57 
59 
97 
99 
102 
109 
-v-
LIST OF TABLES 
1 • x2 test for sex ratios 
2. Results Kolmogorov-Smirnov tests 
3· 2 way ANOVA - fu secta abundances 
4· 2 way ANOVA - fu nasuta abundances 
5· Weight length regressions - l1!. secta 
6. Weight length regressions - lh nasuta 
7• Regressions of length to density for ~ secta 
8. Regression data - & secta - Density dependence 
26 
72 
75 
80 
84 
85 
89 
95 
-vi-
LIST OF FIGURES 
Figure 
- 6. Gonadal development in ~ nasuta males. 
7 - 12. Gonadal development in ~ nasuta females. 
13 - 18. Gonadal development in M. secta males. 
19 - 23. Gonadal development in ~ secta females. 
Gonad of Late Active & secta male. 
Gonad of Late Active M. nasuta male. 
24. 
25. 
26. Gonad of trematode infected M. secta. 
Interstitial Max-Min Temperatures. 
~ 
27 
28 
29 
30 
31 
31 
31 
32 
28. Sea water temperatures. 33 
29• Sea water salinity. 34 
30. ~ secta gonadal development. 35 
31. M. ~suta gonadal development. 36 
32. Interstitial temperatures. 37 
33. Interstitial salinities. 38 
34. Population gonadal development for M. secta 
and ~ nasuta. 39 
35. Sediment data. 67 
36. Area abundances for three major species (Feb. 1975). 68 
37. Area mean shell length for clams (Feb. 1975). 
38. Total density for M. secta 
39· Size-frequency distributions for M. secta. 
40. Mean shell length - ~ secta. 
41. Mean abundance for each area for ~ secta. 
42. Total density for !k_ nasuta. 
43· Size-frequency distributions for l:.h nasuta 
44· Mean shell length - ~ nasuta. 
69 
70 
71 
73 
74 
76 
77 
78 
-vii-
Figure 
45. Mean abundance for each area for ~ nasuta. 
46• Population-Time MS - M. secta. 
47• Population-Time MS - M. nasuta. 
48· Weight 
49· Weight 
length regression ~ secta. 
length regression M. nasuta. 
50. Juvenile growth - ~ secta. 
~ 
79 
81 
81 
82 
83 
86 
51. Regression 1:h secta abundance to~ harmeri abundance. 87 
52. Mean shell length/area regressed with mean clam 
density/area - M. secta. 
53. Shell length of 1:h secta juveniles from dense and 
sparse areas. 
54. Area size-frequency distribution for M. secta in 
88 
90 
August 1975· 91 
55. ~ secta size-frequency distributions for each area 
for each sample time. 92 
56. Regression - M. s.ecta - Biomass with density. 94 
57. M. secta - Rate of density dependent growth. 96 
-viii-
IN APPRECIATIO~ 
I wish to express my appreciation to all the members of 
my committee for their help and encouragement throughout my 
study. Special thanks are due to Dr. J. Blake, my Chairman, 
for his help in reviewing the manuscript and the preparation of 
figures and photographs. I owe a great deal of thanks to 
. 
' 
Dr. s. Obrebski for teaching me ecology and helping me to 
approach a cogent precise style in writing the ecology section. 
His encouragement helped me to develop a proper perspective. 
Dr. v. Loosanoff graciously allowed me use of his . personal 
library. His knowledge of Molluscan sexuality helped immensely 
in directing the reproduction section. 
Thanks most of all to my wife Susan for her enduring help, 
understanding and moral support. Without her stimulating 
arguments out on Lawson's flat during those driving winter storms, 
I never would have had the adrenaline to dig those cavernous 
samp~es •••• 
INTRODUCTION 
The problem of closely related species living in the same 
area has been discussed from an evolutionary point of view by 
Harper (1961). He states that the "frequency with which system~ 
atically closely related species are found coexisting is a func-
tion of (1) the mode of evolution (sympatric or allopatric), 
(2) the effectiveness of breeding barriers, (3) the chances of 
past migration, and (4) the heterogeneity of the habitats avail-
able." Reproductive studies may throw light upon the second 
function whereas ecological studies could illuminate function 
four. Function three must be left to paleontology and for the 
time being, function one to theorists. Further, in lieu of the 
principle of competitive exclusion (Gause, 1934), Harper ( 1961) 
indicated a need "to identify the nature of the factors control- . 
ling population size," for populations in two species mixtures. 
Macoma secta (Conrad 1837) an:d 11!. nasuta (Conrad 1837) are 
sympatric species of the bivalve family.Tellinidae. M. secta 
occurs in intertidal sand flats from Vancouver Island, British 
Columbia to Bahia Magdalena, Baja California, while 1b, nasuta 
occurs in muddier substrates intertidally from K~diak Island, 
Alaska, to Cabo San Lucas, Baja California (Coan, 1971). Ricketts, 
Calvin and Hedgpeth (1969) list M. secta as occurring in the 
Middle Intertidal Zone and 11.!. nasuta in the Low Tide Horizon. 
They are found in decreasing numbers to 25 fathoms (Abbott, 1954). 
Both are reported having an !'excellent flavor" (Fitch, 1953) 
and owing to their great abundance in sand-mud flats on the west 
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coast, represent an unexploited fishery. M. secta and~ nasuta 
are the characteristic species of the Macoma community on the 
west coast of North America. Thorson (1966) had identified 5 
Macoma communities worldwide. 
Despite their wide occurrence and great abundance, rela-
tively little is known about their biology. Feeding has been 
studied in these species from the standpoint of comparative 
functional morphology (Reid and Reid, 1969) and relationships 
of substrate to ingested material (E.H. Smith, MS in prep). 
There is a great deal of discrepancy in the literature as to 
whether these species are deposit feeders, filter feeders or 
both (Reid and Reid, 1969; Pohlo, 1967, 1969). Distribution of 
both species in Elkhorn Slough, California, especially in relation 
to substrate, was studied by Addicott (1952). Some sketchy bio-
logical information is given by MacGinitie (1935) and Packard 
(1918). In the present study, the reproductive ecology and pop-
ulation dynamics of both M. secta and ~ nasuta are treated. 
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REPRODUCTION 
INTRODUCTION 
The phenomenon of sexual differentiation in Molluscs has 
been well reviewed (Coe, 1936, 1940, 1943a). ~lthough a great 
deal of work has been done on gonadal development in Lamellibranchs, 
most of it concentrates in seven familie~; Pectinidae (Coe, 1945; 
Sastry, 1963); Teredinidae (Coe, 1941, 1943b); Veneridae (Ansell, 
1961; Loosanoff, 1937; Quayle, 1942); Ostreidae (Berg, 1969; 
Dinamani, 1974; Leonard, 1969; Loosanoff, 1942, 1962, 1969 ); 
Mytilidae (Chipperfield, 1953; Bartlett, 1972); Myacidae (Coe and 
Turner, 1938; ? fitzenmayer, 1962; Ropes and Stickney, 1965) and 
Mactridae (Machell and DeMartini, 1971; Bourne and Smith, 1972). 
The only member of the Tellinidae studied to date is Macoma 
balthica (Lammens, 1967; Caddy, 1967). In the present study the 
seasonal gonadal changes and sex ratios of Macoma secta and M. 
nasuta are reported ~s well as the physical and biotic factors 
which may influence them. In addition, the reproduction of these 
sympatric species is compared and the reproductive advantage 
each species has to its particular milieu is examined. 
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MATERIALS AND METHODS 
Macoma secta and ~ nasuta occur in sympatric populations 
on a sand flat known locally as Lawson's flat. This area is 
located less than one mile from the entrance to Tomales Bay, 
just south of Dillon Beach, California. From March 2, 1974 to 
March 31, 1975, fifteen clams of each species were collected bi-
weekly at each spring low tide. Both species have distinct nar~ 
row tidal ranges, which overlap, and effort was made to select 
clams from their respective midranges in order to avoid animals 
living in stress. These tidal heights were approximately +1.~ 
feet (45 em) forM. secta and +.5 feet (15 em) forM. nasuta 
(datum base - . mean lower lbw water). 
After collection, the clams were kept in flowing sea water 
for one day in order to cleanse the alimentary tract of most in-
gested sand. Because of the weakly developed adductor muscles 
in ~ secta, the animals tend to gape and become moribund when 
left out of the sediment. As a counter measure, rubber bands 
were used to hold the valves together. The clams were arranged 
from smallest to largest, assigned a number and measured for 
length and width using vernier calipers. The presence of any 
commensals was noted and the lower halt of the visceral mass, 
just below the point of attachment of the gills and palps, was 
preserved in Bouin's fixative. After twenty four hours a 4 mm 
thick cross section was sliced off and prepared for histological 
examination through standard techniques. The tissue was dehy-
drated with isopropanol, cleared with toluene and embedded with 
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56-58 C paraffin. Sections were cut at 8-10 ~' stained progres-
sively with a modification of Harris' hematoxylin (Galigher and 
Kozloff, 1971, p. 352) and counterstained with Eosin Y. There-
sulting slides were examined microscopically for sex and state 
of gametogenesis. 
Sea water temperature and salinity were recorded daily by 
the Pacific Marine Station weather station located less than one 
mile from the collection site. Also, the temperature and salinity 
of the interstitial water at a depth of approximately 40 em in 
the soil was monitored biweekly for each species' tidal height. 
The salinity sample was extracted by means of a 5 cc syringe 
attached to a 40 em needle (Johnson, 1967) and titrated by stan-
dard methods in the laboratory. A maximum-minimum thermometer 
was placed i~ the soil to a depth of 40 em at a tidal height of 
+2.0 feet (60 em) and read biweekly. 
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RESULTS 
Stages of gonadal development for Macoma and their criteria 
In studying the seasonal gametogenic cycle, only mature 
animals were used. Maturity was defined as that size above which 
the gonads were of recognizable size and would pass through the 
adult cycle. Also, adult sex ratios were encountered. For M. 
secta, a length of approximately 3.0 em marks maturity, while 
for ~ nasuta, the length is ca. 2.4 em. Many clams encountered 
below this size were undifferentiated as to sex. Primordial 
gonadal development was not studied for protandry. Caddy (1967) 
illustrated the external appearance of the visceral mass of 
Macoma balthica as it passed through the gametogenic cycle. 
Descriptions for i1. §_ecta and M. nasuta are identical; therefore 
they are not repeated. 
Histological examination of the gonads in .Macoma allowed 
the seasonal gonadal cycle to be broken into six stages, Inactive, 
Early Active, Late Active, Ripe, Partially Spawned and Spent. 
This sequence is an expanded modification of that used by Ropes 
and Stickney (1965) for Mya arenaria. 
The following description of these stages is written for 
H. secta and unless specifically noted otherwise, applies also 
to H. nasuta. In keeping with Raven's (1961) classification of 
oogenesis, the term "follicle" is not used here for the basic 
gonadal developmental unit, as has beeri done by previous atithors. 
"Follicular" egg development implies a completely different pro-
cess from "Solitary", that found in most bivalves. The term 
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alveolus is used instead, after Ropes and Stickney (1965). 
Inactive (figures 1, 7, 13). Clams which could not be sexed 
with respect to present gametogenic activity were placed in this 
category. This included those that were obviously sexable but 
only due to the presence of residual unspawned gametes. The 
main criterion for this stage is the presence of primary gonia 
sparsely located around the periphery of the contracted alveolus. 
No more advanced stages of gametogenic activity are present. 
The development of vacuolated "follicle " cells is varied. This 
ranges usually from no development to that of a one cell thick 
layer covering the alveolar wall and extending into the lumen. 
Phagocytes are often present in lumina, resorbing pycnotic cells. 
The general appearance of the gonads at this stage is characterized 
by flaccid compressed alveoli in a matrix of disorganized and 
pycnotic connective tissue in a state of phagocytosis. 
The description of this stage for H. nasuta is slightly 
different. The basic criterion of primary undifferentiated gonia 
still holds, however the alveoli have a rather different appear-
ance. The vacuolated "follicle" cells completely fill the alve-
olus. Sex usually can be determined, however. ~ales usually 
have a few residual spermatozoans left from past gametogenesis. 
Residual ova, howeve~ are uncommon. It appears that unshed sperm-
atozoa will. remain viable over the winter to be shed with the next 
year's sperm. This is never true for ova. Females in this stage 
are usually identified by the presence of many non-cellular 
spherical inclusions in the alveoli, which are probably nutritive 
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in function and albuminous in composition (fig. 7). Similar 
inclusions were described for Hya arenaria (Coe and Turner, 1938);. 
Phagocytes are extremely rare in this and other stages. The 
alveoli have a highly organized appearance in this species and 
are round and firm. 
Early Active (figures 2, 8, 14, 19). Gametogenesis is ini-
tiated in the Early Active stage which follows the Inactive period. 
This is the earliest stage at which clams can be sexed. In fe-
males, meiosis has produced primary and secondary oogonia and 
young oocytes have begun to grow out from the alveolar wall. 
All these cells are found in close association with the alveolar 
basal membrane;. This stage continues until the periphery of the 
alveolus is co~ered by young oocytes. In males there is more 
obvious evidence of activity. Primary and secondary spermato-
gonia are rapidly being produced, starting to fill in the lumen. 
The smaller, also darkly stained, spermatids are usually present 
towards the center of the lumina. There are very few or no sperm-
atozoa present in this stage. Phagocytosis is still occurring , 
especially predominant in males, resorbing unshed gametes. The 
gonads are more organized as the alveoli anastomoze into spaces 
between muscles and digestive diverticula. 
& nasuta is similar to &. secta, except of course with no 
phagocytes. Also, more spermatogonia will be seen in the center 
of the alveolus than in fu secta because they are able to migrate 
within the matrix of "follicle" cells. 
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Late Active (figures 3, 9, 15i 20). In males this stage 
is characterized by the most rapid proliferation of spermatozoa. 
They start to form streams with their tails extending into the 
lumen. From the alveolus wall extending to the center of the 
lumen, we notice advancing stages of meiotic activity from pri-
mary spermatogonia to mature spermatozoa. The arbitrary maximum 
limit of spermatozoa present, for this stage, is sixty percent 
of the number of cells in the alveolus. In females, oocytes 
begin to elongate, extending into the center of the lumen on 
thick stalks. Amphinuclei are now evident as they move to the 
distal end of the oocyte. Very few eggs are mature and most 
still adhere to the alveolar wall by at least a slender stalk. 
There are always some young oocytes present on the wall. 
This stage for M. nasuta is similar to M. secta, excepting 
that as spermatozoa are formed, they are forced into crevasses 
between the "follicle" cells. Therefore there is a characteristic 
patchy appearance. As the spermatozoans grow in number, the 
"follicle" cells disappear and the sperm begin to organize in the 
typical fashion. In females, also, the "follicle" cells rapidly 
disappear. The spherical bodies in the alveolus continually 
shrink, both in size and number until they are a rare occurrence. 
Ripe (figures 4, 10, 16, 21). All clams in this stage are 
physiologically prepared to spawn. For males, most of the lumen 
is filled with spermatozoa, which comprise more than 80"{, of all 
alveolar cells. The sperm form long streams extending into the 
lumen, with their tails directed towards the center. The first 
I 
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stages of gametogenesis become less evident. Fo~ females, al-
most every oocyte is mature and oval shaped, free in the lumen. 
A few are still attached by .slender stalks to the alveolus wall. 
An important characteristic of this stage is that there are no 
young oocytes on the alveolar walls. 
Partially Spawned (figures 5, 11, 17, 22). In this stage 
there are obvious gaps in the lUmina indicating that some gametes 
had been shed. Most remaining gametes are mature. In both sexes, 
especially noticeable in males, there is little or no Barly gam-
etogenic activity. Phagocytosis is sometimes in evidence in the 
lumina. 
This ephemeral sta ge in r-1 . nasuta is rarely witnes s e d . In 
late ripe individuals, "follicle" cells begin to grow on the 
basal membrane of the alveolus. Individuals appear to spawn 
completely in a very short period of time as a general rule. 
Simultaneously, the "follicle" cells grow rapidly to fill the 
empty lumen. Frequently the formation of the new year's oogonia 
or spermatogonia is noticed within the matrix of the "follicle" 
cells. The spherical inclusions of the females begin to appear, 
usually at this stage, in varying numbers and still small in size. 
Snent (figures 6, 12, 18, 23 ). The alveoli hav e a shrunken, 
compressed appearance. Only som~ residual gametes are left to 
identify sex. Phagocytosis is evident inside and outside of the 
alv~oli, consuming pycnotic cells. Tissue is in extremely poor 
condition in this stage. This is a regressive stage with no 
cell buildup. When "follicle 11 cells start to fill the lumen 
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of rejuvenating alveoli, the undifferentiated or inactive stage 
is entered regardless if residual gametes enable sex determination. 
This stage in M. nasuta is also very shortly lived. The 
only difference between Spent and Partially Spawned in this species 
is that spent gonads have only a few residual gametes left and 
the "follicle" cells have grown to the point of excluding the 
residual gametes. The females' spherical inclusions have grown 
in size and in numbers. Phagocytosis is not seen in this stage. 
In contrast to M. secta, the alveoli rarely assume a disorganized 
state, making a smooth and quick transition to the inactive state. 
This is a regressive stage in terms of old gametes but also a pro-
gressive stage in terms of preparing for the next gametogenic 
activity. 
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Gametogenesis 
Macoma secta 
Gametogenesis in Macoma secta began in November with the 
increased number of individuals in the Early Active phase (fig. 
30). Gonadal development throughout th~ winter months was, how-
ever, very slow. Most clams remained in the Early Active stage 
until April. During this time the minimum interstitial tempera-
tures (figure 27) were consistently below 10°C. The lowest aver-
0 
age sediment temperature encountered was approximately 9. 5 C 
and the lowest sea water temperature averaged 11.0°C (figure 28 ). 
As demonstrate d by Loosanoff and Davis (1952), Crass ostrea vir-
· · bl t t b 1· 1 belo\'1 10°C. g1n1ca was una e o me a o 1ze g ycogen This, in 
part, may explain the observed dormancy. Besides the thermal 
stress, the rainy season during the winter months caused a dro p 
in the average salinity. The range of salinities encountered 
(figure 29) increased, which produced a high environmental var-
iability and uncertainty in osmotic stress for the clams. 
As temperatures increased in April and the rainy season 
ended, the rate of gonad development increased and the I.ate Active 
phase was entered. This period was shorter and lasted approxi-
mately through June. Great numbers of sperm were found in the 
testes, which appeared to be fully viable, whereas very few mature 
oocytes were encountered; most eggs were still connected to the 
basal membrane of the alveolus. It appeared, then, that males 
ripened sooner than females. This should be viewed with caution, 
however, as the definitions of the st~ges were careful to view 
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gametogenesis from the point of view of the physiologically 
ripe gonad and the stages leading up to it, not from the myopic 
view of physiologically ripe gametes. 
Ripe clams were encountered primarily in July and early 
August. The definition of Ripe given here may be more restrictive 
than previous works. However, it is to be shown that spawning 
occurs very rapidly for an individual, on the order of two to 
three weeks maximum. Once a clam initiates spawning, it has a 
limited period of time to shed the year's gametes, including 
those still in early gametogenic stages. Because of this time 
restriction, Ripe individuals must necessarily be near completion 
of gametogenesis. This narrow point in the cycle was reached 
at the time of the highest yearly temperatures (monthly mean) 
which for both the sea water and sediment temperatures approx-
imated 15.5°C. 
Most spawning occurred in August. There may have been a 
temperature stimulus for this since average sea water and soil 
temperatures began to drop towards fall readings. This does not 
imply that the maximum temperatures have been passed however. 
The climate on the west coast is temperate maritime. This is in 
contrast to the temperate continental climate of the east coast 
of North America (see Sanders, 1969). The west coast climate 
shows very little seasonal variation comparative to equivalent 
latitudes on the east coast. However, it does exhibit more var-
iation on the smaller time scale, monthly or weekly. That temp-
erature plays an important role in spawning has been well docu-
mented. Loosanoff and Davis (1952) showed that a temperature 
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of 15°C must be reached in order for Crassostrea virginica to 
spawn. However b virginica has been shown to have physiological 
races which require varying temperatures above 15°C to accomplish 
gametogenesis and spawning (Loosanoff and Nomejko, 1951; Loosanqff, 
1969). This subject is well reviewed by Giese (1959). 
The discharge of gametes was accomplished quickly for the 
population as a whole and the spent stage was entered in late 
August (figure 30). The gonads were in a disrupted state at that 
time. While temperatures were still high enough such that the 
clams could effect repair, the Inactive state was very quickly 
entered in September. The Spent stage was by far the shortest. 
"Follicle" cells began to fill the alveoli. The gonads started 
to reorganize, building up reserves for the Early Active period 
which started again in November. 
The six stages provide sequential divisions of gameto~enesis, 
which in Macoma secta is a smooth and orderly progression (figure 
30). The population acted very much as a unit in passing from 
stage to stage. This is indicated by the presence of a unimodal 
distribution of percentage against time in the separate graphs 
for each stage. As shown by the areas under these curves, the 
duration of time spent in each stage decreased from Early Active 
to Spent, doubtless reflecting the concurrent temperature rise 
and more rapid growth. 
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Macoma nasuta 
Although the same six stages apply well to the gametogenic 
series in M. nasuta, their synchrony with time differed greatly 
from~ secta. In general, the stages Partially Spawned and 
Spent were rarely encountered, owing to their extremely short 
duration. The remaining four stages were present in some num-
bers in nearly every month (figure 31). Exceptions were few; 
No clams were found in the Inactive stage in July and August, 
Early Active stage in August or Ripe stage in 8ecember and Jan-
uary. Consequently the gametogenic pattern was somewhat obscured. 
Despite these problems, there did appear to be a seasonal 
pattern. There appeared to be two general progressions of modes 
from stage to stage, with attendant high variation in time (fig-
ure 31). Peaks in the curves progressed as follows, for the 
Spring spawning schedule. From a maximum number of clams in 
the Inactive stage in December and January, the Early Active stage 
was entered in January and February. In March they rapidly 
entered the Late Active stage. Late in that month and in April, 
they apparently spawned as the number of Ripe individuals in 
the samples decreased. No Partially Spawned clams were noticed 
in this series but that was not surprising. The seemingly pre-
mature presence of Spent individuals in July and August may be 
explained by this Spring spawning. This spawning was very slight 
and, based on field observation of recruitment, may not often 
be successful. 
The main gametogenic series occurred in the Fall spawning 
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schedule. The Inactive period was left in March and gametogen-
esis was initiated in April and May. The clams continued gamete . 
buildup into May and June, finally ripening in July and August. 
The population appeared to spawn over a wide period of time from 
August to November, as evidenced by the occurrence of the Part-
ially Spawned state. Thereafter, the Spent stage was briefly 
passed through and the clams become Inactive. As will also be 
shown later, the Partial l y Spawned and Spent stages were extremely 
short in duration and are presented here basically for continuity. 
Ripe individuals essentially passed to the Inactive stage. As 
a population, this was done slowly, as ·the modal progressions 
indicated; however, individuals probably spawned all at once, 
as the apparent lack of duration in spent stages indicates. 
It _is pQssible that many clams stretch their gametogenic 
period over the Spring and Fall schedules. Surely there are 
many clams that did not fit either schedule. Also it is suspec-
ted that some Spring spawners build up gametes early and simply 
remain ripe for a long period of time, spawning in the Fall. 
The correlation with temperature noticed in M. sect~ was 
not readily noticed for l:h nasuta. If the animal reacts to 
temperature or other climatic factors, it is masked and hard 
to unravel. It is thought by the author that H. nasuta may have 
a rather plastic endogenous reproductive rhythm that temperature 
controls in some complex way. It happened that the average tem-
peratures found at the time of Spring and Fall spawning were 
approximately the same (about 14°C). Possibly this optimized 
larval survival because of the temperature itself or because 
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of a timing factor. In San Francisco Bay, Packard (1918) 
noted that because of two recruit pulses per year, reproduction 
was probably semi-annual. Having noticed no clear cut year . 
classes in the size-frequency distribution of ~ nasuta, Addicott 
(1952) interpreted a year-round spawning of the clam in Elkhorn 
Slough. Progressing ~outh it appears M. nasuta may fulfill a 
potential of year-round spawning. Reference has been made to 
a spring spawning in Oregon (Coan, 1971). Possibly the threshold 
temperature for spawning was only reached once (the maximum). 
This type of behavior has been noted for Mya arenaria. Coe 
and Turner (1938) and others reported one spawning for the clam 
in New England waters but Pfitzenmayer (1962) reported two se-
parate spawnings a year further south in Chesapeake Ray. It 
has been shown that for populations of Crassostrea virginica 
from different geographical areas, physiological variants do 
occur that respond differently when subjected to conditioning 
at the same temperature (Loosanoff, 1969). 
Sex Ratios 
In this study, gonadal sections from a total of 344 indivi-
duals of fu secta and 336 of fu nasuta were examined. For t1. 
-·-
secta the total sex ratio was 149 males: 138 females: 54 Inde-
terminate: 3 not used. For M. nasuta the ratio was 150 males: 
156 females: 19 Indeterminate: 11 not used. ~hen there were 
present in a sample, for either species, any neuter individuals, 
the samples biased in favor o~ the males. This was because some 
sperm invariably remained in the males through the Inactive state, 
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while eggs rarely did so. To counter this . bias, the sex ratio 
was determined by adding together only those samples wherein 
all specimens were sexed. The results are presented in Table 
One. Chi squared tests were performed against a 1:1 sex ratio. 
Non-significance was found in both cases and the null hypotheses 
of 1:1 sex ratios were accepted. 
Also of note is that no hermaphodites were found for either 
species. This is evidence that as far as the adults are concerned, 
both species are probably gonochoristic. The presence of func-
tional hermaphrodites, in small numbers, usually indicates a 
plastic sexual determination such that the hermaphrodites are 
confused as to the correct state of ambisexuality. Coe (1945) 
mentioned that out of 10,000 bivalve species, only 400 are known 
hermaphro dites. Dioecism is byfar the common state of sexuality. 
It remains to be seen however whether or not these species are 
protandrous. Often times gonochoristic species are protandrous. 
Caddy (1967) indicated a strong possibility for this in n . bal-
thica, while Lammens (1967) doubted protandry for the same spe-
cies. It has been demonstrated positively in many others, for 
example Mercenaria mercenaria (Loosanoff, 1937) an~ Crassostrea 
virginica (Loosanoff and Davis, 1952). Quayle (1943) found no 
protandry for Protothaca staminea. 
It is not certain whether there is sex reversal or not in 
M. secta due to the impossibility of sexing during the Inactive 
stage. However, most of the 1:::h nasuta individuals are sexable 
throughout that period, and no indications of sex reversal were 
found• 
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Interstitial temperatures and salinities 
Soil temperatures did not show distinct cycles because of 
the nature of instantaneous readings. However, they did indicate 
the relative differences found between the two tidal heights 
(figures 32 and 33). The temperatures varied rather closely 
despite the readings being taken at extreme low tide. There 
was only a slight tendency for the temperature to be warmer in 
summer and cooler in winter for the higher M. secta population. 
Also, comparison of soil maximum-minimum temperatures with those 
of sea water indicate that the soil temperatures were slightly 
more extreme in summer and winter; as one would expect. The 
salinities were similar for the two tidal heights with the ex-
ception of the winter. A fresh water runoff ran close to the 
.tl..!. nasuta population hence much lower interstitial salinities 
resulted. Addicott (1952) indicated that both species are eury-
haline occuring in salinities of 8.75- 32.97 °/oo. For further 
physical and biological descriptions of the sampling area, see 
Johnson ( 1965, 1967a, 1967b, 1970). 
Commensals and Parasites 
The presence of commensals may have an effect on reproduc-· 
tion and certainly the presence of parasites can have a devas-
tating effect on reproduction and population stability (Obrebski, 
1975). All clams of both species were examined for commensals 
and parasites, both those attached to the mantle and visceral 
mass, and those which may have embedded in the gonad or digestive 
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diverticula, common attack points. 
Both species were found to be remarkably free from both 
types of pests. No commensals or parasites were found on .th 
nasuta. One specimen of ~ secta was completely castrated by 
the presence of a digenetic trematode. Three specimens of M. 
secta had commensals attached to the mantle near the ctenidia. 
They were identified as the nemertean, Malacobdella grossa. 
Examination of the infected clams revealed completely normal gon-
adal development. Addicott (1952) reported the incidence of M. 
grossa commensalizing H. secta in Elkhorn Slough as 15.4'/ and 
for M. nasuta 6.0%. 
Snawning 
On different occasiotis in August, 1974, spawning of ripe 
animals was attempte d. Various thermal and chemical methods 
were tried, including heat shock, cold shock, and slowly increa-
sing water temperature in conjunction with introductions of sperm 
and/or egg suspensions. All these attempts proved ineffectual 
in spawning either species. Caddy (1967) also had poor results 
with !'-f. bal thica. After repeated at tempts, he succeeded in 
inducing only a few clams to spawn on one occasion. 
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DISCUSSION 
The results indicate distinct variation in sexual cycles 
in the genus Macoma. In order to view the population as a whole, 
the stages Inactive through Spent were assigned numbers 1 through 
6 with a new cycle starting with 7 for Inactive and continuing 
likewise. In this way a quantitative mean could be assessed 
for the population gonadal state on each collection date (figure 
34). 
Generally ~~ . nasuta developed gametes earlier in the winter 
than H. secta . However Y. . secta const antly advanced in the cycle 
while H. nasuta remained in the Active stage longer. Spawning 
was rapi d f or 2 s ecta in mid August wherea s the !-' . nasut a po pu-
lation was s lowe r, having spawne d from mid August through November. 
The graph was split during this period for M. nasuta because 
the distribution of stages was bimodal. This was because o f the 
rapid change from the Ripe to the Inactive or Early Active state 
for individuals. One mean for the samp~es in this perio d would 
falsely indicate the nature of the population's slow progression 
through the spawriirig stages. As the mean's ranges indicate, the 
~! . nasuta po pulation was more va riable as to gonadal state. 
Although the two species proceeded through the gamete build-
up with approximately the same timing, spawning did not a ppear 
to overlap. n ~ secta spawned in ~ugust whereas ~ . nasuta appea re d 
to spawn slight l y in May and again from September through November. 
This minimized the loss of gametes from cross fertilization, a 
distinct poss ibility for sympatric species. 
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For populations of li!, balthica, in the Netherlands (Lammens, 
1967) and in the Thames Estuary, England (Caddy, 1967), spawn-
ing was reported in March and April. This re presents an entirely 
different cycle, compared to ~1 . secta and H. nasuta. 
There is a great difference in the post spawning state between 
n. secta and !': . nasuta. I n M. secta as in Mytilus edulis 
(Chipperfield, 1953), the gonad disappears; only disorganized 
cells being left. I-iowever for !'·'!. nasuta, as with Cyprina islandica 
(Loosanoff, 1953) and Venus striatula (Ansell, 1961), the alveoli 
retain their shape and fill up with the vacuolated "follicle" 
cells. 
Typically in bivalves, connective tissue is found aroun d 
the alveoli as well as the "follicle" cells within the alveoli. 
This has been demonstrated in Mercenaria mercenaria (Loosanoff, 
1937), Crassostrea vir~inic a ( Loosanoff, 1942, 1965) and Ostrea 
edulis (Loosanoff, 1962). Since this tissue disappears with the 
growth of alveoli, Loo sanoff (1937, 1942) attributed to it a 
nutritive function. However in both t·1. secta a nd ,, l J. nasuta , thi s 
connective tiss ue is never foun d . Lamme ns (1 967) re ported this 
also for N. bal thic a . He tested the inner "follicle" cells 
histochemically with sudan black B and obtaine d positive results 
indicating a probable nutritive function. Coe and Turner (19 38) 
also attributed a nutritive function to these cells in ~-~ya ~-
naria which has a similar connective tissue structure as Macoma. 
"Follicle" cells in ~l. secta and ~~ . nasut.a also seem to play 
an important role in alveolar nutrition. 
Both M. secta and M. nasuta initiated gametogenesis in late 
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fall, but both also entered a period of dormancy during the winter 
months. Examination of figure 8 suggests some gonadal regression 
was possible during this time for both species. The timing of 
this possible mid winter resorption did correspond to the most 
stressful period of the year, January, when heavy Pacific storms 
brought much rain and cold weather. The closely related H. bal-
thica undergoes active gametogenesis in the wint~r, from September 
through Februar~ in the English Channel with no dormancy whatever 
(Caddy, 1967). 
There are many variations in the timihg of gametogenesis 
in bivalves. Ostrea edulis transplanted in Maine (Loosanoff, 
1962) begins its active period in May, avoiding winter buildup 
entirely. In Cyprina islandica (Loosanoff, 1953)~ gametogenesis 
occurs principally in the late fall and early winter. There is a 
slow down in the winter but no dormancy and it resumes a gain 
in spring with increasing temperatures. Protothaca staminea 
(Quayle, 1943) undergoes a short dormancy in December or January 
after a buildup of "follicle" cells. However, beginning in 
January and February active buildup commences despite quite low 
temperatures. In Tresus cauax (Bourne and Smith, 19 71) another 
extreme case is found wherein gametogenesis is strong from Oct-
ober through January with an early spring spawn. Tlere the low 
winter temperatures of British Columbia's waters have no effect 
on gametogenesis. 
Rand (1973) has proposed a descriptive model on the te~poral 
aspect of breeding strategiei. The environment is represented 
as the complex vector of its components e = (e 1 ,e2 , ••• ). Over 
: .. 
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time he has assigned means and variances to e representing dif-
ferent climates. The function of energy acquisition for both 
adults and larvae are different according to their physiology, 
abilities to acquire energy and environmental grain (Levins, 
1968). These functions are in turn dependent on e. _Simulation 
of reproductive strategies of a hypothetical population in dif-
ferent climates indicated the following: Harsh climates were 
characterized by a single synchronous spawning per year; Temper-
ate climates by two spawnings; and Tropical by year round spawning. 
As indicated above, M. nasuta seems to follow this general pattern 
as does Mya arenaria. 
Interpretation of this model provides further speculation 
as regards the apparent agreement of M. nasuta and ~~. arenaria, 
in terms of geographical changes in the timing of spawning. 
However caution is advi~ed for two reasons. His assumption that 
a cold variable climate is more stressed than a warm, less var-
iable climate may not be true at all. Also competition and pre-
dation may be much more stressful in the tropics in addition to 
living at temperatures near the tolerance limit for protoplasm 
(Obrebski, pers. comm.). In addition, he did not back up his 
model with empirical data. With caution in mind, the following 
speculation is advanced. 
That temporal breeding strategies depend integrally on the 
climate variance may be an important element in sympatric spe-
ciation for certain groups. In studying the dynamics of high 
and low populations of the intertidal limpet Acmaea scabra, 
Sutherland (1970) found that high populations (-harsh climate) 
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spawned once a year while low populations (mild climate) spawned 
most of the year. This tendency is also apparent in examining 
our sympatric species of Macoma. M. secta (harsher climate -
mid tide) spawns once a year and M. nasuta (mild climate - low 
tide) spawns twice a year. 
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Table one 
Chi square test for a 1:1 sex ratio in M. secta and M. nasuta 
Species 
H. secta 
M. nasuta 
91 
82 
Females 
102 
96 
df 
.627 
1. 10 
Probabili ~ 
. 5 >p>.l 
·5>p>.1 
-.. 
' • . 
., .. 
Figures 1 - 6. Sections of gonads of nasuta 
males in sequential stages of gametogenesis. X i60 
Figure 1 • Inactive 
Figure 2. Early Active 
Figure 3. Late Active 
Figure 4. Ripe 
Figure 5· Partially Spawned 
Figure 6. Spent 
1 
4 
5 6 
Figures 7 - 12. Sections of gonads of M. nasuta 
. -
females in sequential stages of gameto genesis. X 160 
Figure ?. Inactive 
Figure 8. Early · Active 
Figure '"' ! .ate Active 'J • 
Figure 10. I\ipe 
Figure 1 1 • Partially Spawned 
Figure 12. Spent 
~ 
12 
Figures 13 - 18. Sections of gonads of ~! . secta 
males in sequential stages of gametogenesis. X 160 
Figure 13. Inactive (also serves as an example for 
~~. secta I nactive female) 
----------~------------------
Figure 14. Early Active 
Figure 15. Late ~ctive 
Figure 16. Ripe 
Figure 17. Partial l y Spawned 
Figure 16. Spent 
13 14 
1 5 16 
17 
Figures 19 - 23. Sections of gonads of ~ secta 
females in sequential stages of gametogenesis. X 160 
Figure 19. Early Active 
Figure 20. Late Active 
Figure 21. Ripe 
Figure 22. Partially Spawned 
Figure 23. Spent 
... 
20 21 
-
22 23 
Figure 24. Section of gonad of Late Active 
~ secta male. X 1000 
Figure 25. Section of gonad of Late Active 
M. nasuta male. X 1000 
Figure 26. Section of gonad of 1:1.!. secta individual 
castrated by a digenetic trematode. X 160 
24 
25 
26 
Figure 27. Interstitial maximum-minimum temper-
atures~ Taken at 40 em depth at +2 ft (60 em) tidal height. 
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Figure 28. Pacific Marine Station weather station 
data. Sea water temperatures - Monthly means and monthly 
ranges. 
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Figure 29. Pacific Marine Station weather station 
data. Sea water salinity - Monthly meins and monthly 
ranges. 
0 
(") 
-34-
<( 
J 
J 
l() 
2f'-
0> 
or-
<( 
2 · 
LL 
J 
0 
z 
0 
tJ) 
<( 
r:t 
JQ) 
J 
2 
0 
C\J 
<{ 
2 
or-
Figure 30. Percentages of individuals of M. secta 
tound in sequential stages of gonadal development. 
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Figure 31. · Percentages of individuals of~ nasuta 
found in sequential stages of gonadal development. 
-36-
100 Inactive 
50 
o~~~~~~~~~--~,_-r_,--~~ 
100 Early Active 
50 
(}) 0 
-
o_ 
E 1oo Late Active 
ru 50 
c.J) 
0 
c.-
0 
(}) 100 Ripe 
(J) m 5o 
;--., 0 
c 
(}) 
~ 100 Partially Spawned 
(}) 50 (L 
0 
100 Spent 
50 
M A M J J A S 0 N D J F M 
1974 . 1975 
Figure 32. Interstitial temperatures. 
Biweekly readings taken at depth of 30-40 em in sediment at 
each species tidal midrange. 
+2.0 ft ( 60 em) for fu secta (--
+0.5 ft -(15 em) forM. nasuta (-- -) 
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Figure 33. Interstitial salinities. 
Biweekly readings taken at depth of 30-40 em in sediment at 
each species tidal midrange. 
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Figure 34. Gonadal development for ~ secta and 
~ nasuta populations. Means and ranges presented for each 
collection date. The ordinate represents advancing stages 
of gametogenesis. Two cycles are represented. 
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POPULATION DYNAMICS 
INTRODUCTION 
Theoretical and community ecology in recent years has been 
dominated by the diversity-stability hypothesis, suggesting 
the dependence of community stability on higher species di-
versity. In a recent review, Goodman (1975) writes that "the 
expectations of the diversity-stability hypothesis are borne out 
neither by experiments, by observation, nor by models; its the-
oretical formulations have no necessary connection with secure 
scientific law, and its preconceptions are inconsistent with an 
evolutionary perspective.'' Not only is there no support for the 
belief that more diverse communities are more stable but it is 
also not so clear what relation we should expect between diver-
sity and stability~ Goodman (1975) points out that although 
it may be cautiously suggested that the effects of severe disturb-
ances in communities may be more likely to generate instability 
in more diverse communities (if stability is determined be mea-
sures such as the fraction of species disappearing after the 
disturbance), the effects of slight perturbation of communities 
can have no clear relation to diversity and more ~pecific natural 
historical approaches are recommended which identify particular 
perturbations and species to be studied. In the intertidal 
zone, each species exists in an environment located on a continuum 
of diminishing variation with increasing depth. The opportunity 
of studying populations of sympatric species in this zone would 
enable us to e~amine the relationship of population dyna~ics to 
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(1) life history and (2) place on the continuum. In addition, 
the species can be compared as to relative population stability 
and life history. Their relative places on the scale from phy-
sically to potentially biologically controlled environments 
(Sanders, 1969) may provide insight to the areas of greatest 
stress in the intertidal zone. 
The ecology of few intertidal deposit feeding bivalves has 
been studied. Variations in abundances have been studied for 
c Macoma balthica for salinity (M Erlean, 1964), tical height 
(Vassallo, 1969, 1971; Green, 1973) and substrate gradients 
(Newell, 1965) and for Tel l ina tenuis (Stephen, 1928) and Scrobic-
ularia plana ( Hughes, 1970) for varying tidal heights. 
, 
8escriptive distribution ecology has been studied for M. 
secta, H. nasuta and two other Macoma species in relation to sub-
strate (Addicott, 1952). The present study is concerned with the 
population structure, abundances and dynamics of Macoma secta 
(Conrad 1837) and M. nasuta (Conrad 1837) as insight to compar-
ative life history strategies. 
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MATERIALS AND METHODS 
On the basis of an extensive stratified random survey of 
clam abundances with tidal height in June, 1974, at Lawson's 
landing, an area was staked out for future study. The area start-
ed at the 0.0 tide level and cont~nued shoreward to the uppermost 
limit of Macoma's distribution. This upper limit is coinciden-
tally obvious to the eye because the soil topography changes. 
This is due to biogenic working of the substrate above the area. 
There is also a 2 inch "cliff" at this transition zone. On sur-
veying this "cliff" at various points on the beach, it was deter-
mined as +2.4±.1 feet tidal height. This corresponds to MLHW, 
one of Doty and Archer's (i 950) critical tide heights. There-
sulting area was 35 m long (perpendicular to shore) by 10 m wide. 
This was subdivided into 5 areas, each 7 m long by 10 m wide, 
for purposes of stratified random sampling. 
The clams were sampled every two months from August, 1974, 
to August, 1975. Three random samples were dug in each area. 
A 50 em x 50 em frame was used and the holes were dug to a depth 
of ca. 70 em in order to include all clams. The resulting pile 
of sand was searched twice by crumbling the soil in the hand. 
All clams were identified, counted and measured for length to the 
nearest mm. They were then returned to the hole which was refill-
ed. It is felt that this method is accurate for clams of 1 em 
and larger. 
In order to find the time and intensity of recruitment, the 
5 areas were sampled monthly with the exception of biweekly samples 
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for a period of time after first recruitment. Ten cores (diameter 
?.3 em x 11.0 em long) were taken at random from each area and 
later sieved with a 1 mm sieve. 
The Phoronid worm, Phoronopsis harmeri, was also sampled 
bimonthly because it has been demonstrated to affect Macoma 
densities (T. Ronan, pers. comm.). Five random samples were 
t~ken in each area with a 10 em x 10 em frame. In lieu of 
digging, the mounds were counted for an estimate of abundance. 
Counts were taken during calm weather so that wave action would 
have minimal effect on the mounds. 
The tidal height of each area was stirveyed based on a -.8 
foot tide mark. On an expected tide of -.8 feet with a barome-
ter close to 30.00 inches and no wind blowing, a stake was driven 
into the mud at the point of furthest tidal retreat. This height 
was then double checked against a later -.8 foot tide and points 
were subsequently surveyed. 
Cursory sand analysis was performed in J uly, 1975 when 1 
small core (3.3 em diameter x 6.3 em long) was taken from each 
area. The core was weighed wet and then weighed dry after de-
siccation in a 110°C oven. The samples were then gently broken 
up by mortar and pestle and dry sieved in a dry sieve series 
for 15 minutes. Resultant fractions were wei ghed on a Torbpl 
balance. 
Temperature and salinity were recorded during this period 
and are reported in the Reproduction section. Unless otherwise 
noted, statistics are based on Sakal and Rohlf (1969 ) and 
calculated using the Wang 500 computer. 
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RESULTS 
Study Area 
The survey and sediment analysis data are presented in fig-
ure 35. The slope of the beach is slight, averaging only 2.0%. 
However, there is a distinct change in slope above and below 
stake 3. The mean particle size is constant along the transect 
with the exception of area 1, where the size is smaller, due to 
a greater percentage of mud. Despite this, the water content of 
the sediment remains remarkably constant. 
Intertidal Distribution of Species 
An example of the intertidal distribution of the species of 
interest is given in figure 36. For Macoma, the mean abundance 
for each species is the average of the three samples taken in the 
respective area. For Phoronopsis, abundance is averaged from 
the five samples taken in each area. The month of February, 1975 
was chosen as typical, for graphic presentation. The remaining 
data are presented in tabular form in the appendix. This is done 
because, as will be shown later, with the exception of N. nasuta, 
the species are temporally stable in abundance. 
~ nasuta is found low in the intertidal zone. The species 
is most abundant in area 1 where the substrate is muddy. Decrea-
sing abundance in area 2 may be correlated with the less muddy 
substrate or it may mark the upper limit of the population's 
distribution. Throughout the sampling program, only three ~ 
nasuta were found higher, one in area 3, one in area 5 and one 
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above the sampling area. 
The distribution of ~ secta covers all 5 areas. In area 
1, the counts are sparse but consistent, this probably marks the 
lower fringe. The greatest densities are foupd in areas 2 and 
3. Abundances dropped in areas 4 and 5. The soil change, al-
ready described, marks the upper limit of~ secta's distribution. 
Up to this boundary high densities are found and just above, no 
~ secta were ever found. This suggests adverse biotic relations 
with another species. Just above the boundary the ghost shrimp, 
Calliannassa californiensis, is abundant. Both animals are de-
posit feeders, suggesting possible competitive exclusion. Seger-
str~le (1965) reported a case where ~acoma balthica and the amphi-
pod Pontoporeia affinis had a strong inverse abundance relationship. 
He suggested predation of the Macoma larvae by the amphipod. 
The distribution of Phoronopsis harmeri is important to 
the study of Macoma for several reasons. Dense beds of the worm 
have been known to smother M. secta entirely (T. Ronan, pers. 
comm.). Lesser densities may seriously -hinder Maco~'s movements. 
As figure 36 indicates, the worm's distribution closely approx-
imates ~ secta in range and area of peak abundances. 
All clams that were counted were also measured to the near-
est mm. Shell length data for Macoma collected in February, 1975 
are presented in fi gure 37. The remaining size data are presented 
in the appendix. Despite the fact that, temporaaly, the ~ nasuta 
population is variable as to size ( Q.E.D.), February data is pre-
sented. It will be shown that this month is typical of M. 
secta however. The largest individuals are found in areas 
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and 5 while areas Z and 3 have consistently smaller clams. · Two 
curves are shown for M. secta; the higher one does not include 
the young nf year, which are never abundant, but their small 
size statistically masks the intertidal size distribution of 
the adults. 
Spatial and Temporal Changes in Population Ecology 
Analysis of changes in abundance and size distributions 
with time and intertidal position were made for the two species, 
~ secta and M. nasuta. The results follow below. 
M. secta 
The change in mean density for all samples on each sampling 
date is presented in figure 38. The grand mean cuts through 
all 95% confidence intervals. The extreme stability of mean 
abundance is indicated by the fact that the grand mean passes 
between 6 of the 7 50% confidence intervals. Analysis of 
variance indicated no significant changes in mean size (Fs(6, 
98 df) = .288 p>.75). 
The size frequency distributions grouped for all areas 
are presented in figure 39. The population appears to be rather 
stable in size composition. It is a bi- or tri-modal distrib-
ution. The adults form the largest mode and the one or two 
smaller modes represent the youngest age groups (O+ and 1+). 
This indicates low recruitment and due to the stable adult mode, 
low mortality, which are approximately equal. To test for chartges 
in size frequency distributions, the non-parametric ~o~mogorov-
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Smirnoff test was used. The size distribution for ~ach sampling 
time was tested against all other times. Results are presented 
in Table 2 (Siegel, 1956, Table M for large samples). Out 
of 21 comparisons, only 2 (10.0%) were significant at the .05 
level. This is due to the 0+ group attaining a size of 1 em 
in August, 1975. 
Changes in mean length are summarized in figure 40. The 
mean length ranged from 5.0 to 5.5 em and analysis of variance 
showed these changes to be significant (Fs(6,1290 df) = 2.60 
p<.025). ANOVA was repeated excluding the August, 1975 data 
and changes in size were not significant (Fs(5,1086 df) = 1.059 
.5>p>.25). This conclusively indicates the influence of the 
0+ group on population length in August, 1975, the recruiting 
period. 
Changes in mean abundance of clams for each tidal height 
are plotted in figure 41 and Table 3 gives the results of an-
alysis of variance. As shown, changes in abundance were highly 
significant (p<.< .001) for tide levels but changes were non-
significant with time. In addition there was no tide level x 
time interaction. 
M. nasuta 
2 Changes in the mean density of H. nasuta per im are shown 
in figure 42. Stability in abundance is demonstrated since the 
grand mean intersects all 95'"!, confidence intervals. Density ap-
pears more variable than M. secta however since the grand mean 
passes through only 4 of the 7 50~ confidence intervals. Analy-
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sis of variance showed that differences between means were not 
significant (Fs(6,42 df) = .781 .75>p>.5). 
The size frequency distributions for this species are given 
in figure 43. This clam has a rather variable distribution in 
comparison to ~ secta. The largest number of individuals ap-
pear to be concentrated near 4.0 em with the spotty presence 
of a group about 2.5 em (probably the 1+ group). However in 
June and August there is a great influx of the 0+ group indica-
ting heavy recruitment. The Kolmogorov-Smirnoff test with ad-
justments for small samples (Miller and Kahn, 1962, appendix G) 
was used as before (Table 2). Of 21 co~parisons, 9 were signi-
ficant (43%). This is in part due to recruitment. 
The mean size of r.~. nasuta varies greatly in time (figure 
44); in this case from 3.1-4.4 em. Temporal differences in 
means were highly significant (ANOVA Fs(6,176 df) = 8.49 p<< .001). 
The mean abundances for areas 1 and 2 are shown in figure 
45. Two way ANOVA was performed on the data and is given in Table 
4. The abundances differ with tidal height (p<.005) but there 
are no differences in abundance with time and there was no sig-
nificant interaction. 
Population Variability with Tidal Height . 
It has been proposed that environmental variability and 
population variability are strongly correlated, as ~uggested by 
Green (1969), who proposed that population abundances would 
show more variability in the higher intertidal areas where greater 
environmental unpredictability is thought to exist. Gre~n's 
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measure of population variability was the Population-Time Mean 
Square which is that portion of the variance from analysis of 
variance which is attributable to differences from time to time 
(the Among Means MS). This is plotted on a logarithmic scale 
against tidal height. 
The Population-Time MS's for~ secta and M. nasuta are 
plotted in figures 46 and 47. Regression of Population-Time MS 
against tidal height for M. secta was not significant (t (3 df) 
= .255 .9>p>.5). This suggests that the environmental variability 
was the same for the clam at each tidal height. Since M. secta 
burrows deeply into the substrate, they may occur in upper areas 
but not be appreciably affected by surface environmental condi-
tions. The clams burrow as deeply as their siphons are long 
(S. Obrebski, per&. comm.; Addicott, 1952) and consequently the 
larger clams may burrow deeper. As figure 37 showed, the larger 
clams are found higher up in the intertidal zone and consequently 
deeper in the substrate. The effect, then, is to escape the en-
vironmental variability of the soil surface by adding a thermal 
and saline buffer of soil between the clams and the surface. 
That larger clams are found higher in the intertidal zone m~y 
be a range extension mechanism. 
As only two data points are available for ~ na suta , com-
prehensive analysis is not possible, however the value of the 
Population-Time MS for area 1 is high as compared with the M. 
secta dat a and especially high when compared to the intertidal 
animals Green (1969) discusses. Green (1968) found a similar 
high stress situation for the Mactrid bivalve, Notospisula, 
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at lower levels, which was due to skate predationj 
Fecundity 
Galtsoff (1961) indicated that Macoma (probably balthica), 
has a low fecundity. Estimates of fecundity in Macoma are dif-
ficult to obtain by usual methods. They will not readily spawn 
in the laboratory and since the gonads are impossible to excise 
accurately, they cannot even be weighed. In order to obtain 
some estimates of fecundity, samples were collected for each 
species in February and August, 1975. On the basis of histo-
logical study of the gonads, these tim~s represent respectively, 
the Inactive and Ripe phases of gonad sexuality. The hypothesis 
to be tested is whether or not the clams change weight from 
winter to summer. Basic to this study is the assumption that 
any increase in weight is due to the added biomass of gametes. 
In order to obtain this estimate, each group of clams was mea-
sured for length with vernier cali~ers to .1 mm and weighed for 
wet weight and dry weight. Following Thorson (1957), the best 
estimate of bivalve wet weight includes the shell. The dry weight 
is obtained using only the soft tissue and is desiccated in an 
80°C oven until constant weight is achieved. Lines were fitted 
to the resulting length-weight data points and compared. These 
relationships are presented in Tables 5 and 6 and figures 48 and 
49. The lines for wet weight are presented in the tables but 
further analysis is performed only for dry weight, since Thorson 
(1957) indicated dry weight yields better biological data. 
All lenGth-weight relationships for ~ secta are highly 
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significant (p<<.OOl). The seasonal curves on figure 48 were 
analysed by analysis of covariance. ANCOVA showed that the 
two lines are significantly different in intercepts (Fs(l, 
53 df) ~ 5.914 .025>p~.Ol) but not ~n the slopes (Fs(1,52 df) 
= 1.193 .5>p>.25). The general indication from these curves 
is that lh. secta does add weight in the summer and, as it is 
assumed, mostly gametes. The added weight seems to be 25-50% 
of winter weight. This is considerable, but probably small if 
compared to other bivalves. 
For ~ nasuta, all length-weight relationships are also 
highly significant (p<<.OOl). Analysis of covariance on the 
seasonal curves in figure 49 indicates that the lines differ 
significantly in intercepts (Fs(1, 40 df) = 178.299 p<<.001), 
but not in slopes (Fs(1, 39 df) = .0073 p>.75). Consistent with 
general observations, H. nasuta gains a great deal in wei ght in 
gametes in the summer. The clams more than double their weight, 
adding about 125% of winter weight as gametes. This is much 
greater than M. secta's seasonal weight increase. 
Recruitment 
Having made some estimates of reproductive effort, it is 
of interest to examine the timing and intensity of recruitment. 
Recruitment for both species during the time of study was sparse. 
The first recruits were discovered on January 22, 1975 for both 
species. On that date only 1 ~ nasuta and 3 ~ secta were 
collected. Their size ranged from 0. 36 to 0.76 em. Through 
May, the few recruits found were in this general range. It is 
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unknown why smaller individuals were not found. The mussel 
Mytilus californianus has been shown to settle on filamentous 
algae initially, and after a period of metamorphosis and growth 
to resettle in the adult population (Bartlett, 1972). Extensive 
eel grass beds, Zostera marina, are found subtidal to the sampling 
area. Possibly Macoma settles there initially to move later. 
Muus (1973) has demonstrated that for bivalves in the 
0resund, measurements of length, such as those presented here 
represent not the recently settled 0+ group but the 1+ group 
which gro~ very slowly in the first year. However, because the 
general size and growth of l:h secta and H. nasuta is relatively 
large and the environment is warmer than the bottom of the 0re-
sund, I must assume these small clams do represent the 0+ group. 
By examining the reproductive data given earlier (figures 
30 and 31) and adding a probable 6 weeks larval stage, I would 
expect settlement of young to occur in October for 11.!. secta and 
September and from late October through late December for M. 
nasuta. For both species, the average number of recruits was 
1 per 10 cores (each area) which equals 24 per m2 in the areas 
of recruitment. 
The M. nasuta recruits were found only in areas 1 and 2, 
the same as adults. The M. secta recruits were only found in 
-.-
areas 2, 4 and 5. These areas can quite confidently be called 
the "nursery" areas. It is understandable that recruits of 
lh secta were not found in area 1 as it is a fringe area and 
muddy but it is unknown why area 3 received no recruits. As 
will be shown later, l:h secta does move around a great deal in 
-53-
the substrate but parallel to the shore. With only a ve~y few 
exceptions, no 0+ or 1+ clams were ever found in area 3, when 
sampling for adults. This indicates that for 2 consecutive 
years, the ''nursery" areas remained the same. 
There is some evidence that juvenile mortality is high 
among settled M. secta. During January and early February, most 
recruits were found in areas 4 and 5. However from February 20 
on, few were found in area 4 and none in area 5. It is possible 
that the 13" of rain in the first 13 days of February so stressed 
the young that high mortalities resulted in the upper areas. 
For juveniles, this area is unpredictable but for adults it is 
highly predictable. 
Juvenile Growth 
Macoma lives too deeply in the substrate and is difficult 
to sample, precluding mark- recapture studies of growth and sur-
vival. Previous attempts were unsuccessful (S. Obrebski, pers. 
comm.). The cohort of 0+ recruits could be detected in quant-
itative samples obtained in January, 1975. The growth of this 
cohort and the older 1+ group could consequently be followed 
in time since they were clearly distinguishable in size from the 
rest of the population. Growth data are summarized in figure 
50. As the graph indicat~s, growth occurs throughout the winter, 
although it is slower at that time. For this reason annual rings 
were not found on Macoma and data on age was unavailable. 
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Standing Biomass and Gamete Production 
The size frequency data for the months August, 1974, 
February and August, 1975 (figures 39 and 43) were used to es-
timate the standing biomass in dry weight for each species. 
Shell lengths were converted to grams dry weight by the relation-
ships listed in Tables 5 and 6 (cf. figures 48 and 49) for the 
respective months. The weight was multiplied by the clam abun-
dance in each size class and all weights were summed. The result-
ing value was adjusted to a final value of dry weight in grams 
2 per m • 
M. nasuta•s biomass was 10.6- 4· 3 - 10.3 respectively for 
August, 1974 - February, 1975 - August, 1975. This seems to in-
dicate for the survey year that the biomass remained rather con-
stant from summer to summer. It also indicated the great amount 
of energy the population expended in gamete production (10. 3 - 4.3 
2 
= 6.0 gms/m2 ). This is t·§ gms;m2 x 100% = 140% of winter weight 
• gms m 
expended. 
The biomass for ~ secta was considerably greater, 89.9 -
54.2 - 77.6 respectively for August, 1974 - February, 1975 -
August, 1975. The biomass of M. secta is considerably larger 
than l::1..!. nasuta and is relatively stable from August to August. 
~ secta expends 77.6 - 54.2 = 23.4 gms/m2 in gamete production, 
2 
4 ti th t f M t b t 1 23.4 gms/m2 00 , 4 ,, mes a o _. nasu a, u on y 54.2 gms/m x 1 'l•> = 3% 
of winter weight. 
For comparison, Mcintyre (1970) obtained the range of bio-
mass found for the Tellina tenuis community of which the . clam 
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is a major part. 2 The range was .3 - 22.0 gms/m dry weight. 
Also, Warwick and Price (1975) found the following values of 
biomass in dry weight averaged over the year; Mya arenaria 5.5 
2 2 2 g/m , Scrobicularia plana 2.1 g/m , fu balthica .3 g/m and 
Cerastoderma edule .8 g/m2 • 
Density Dependence in M. secta 
After viewing the data on density and size of fu secta 
with tidal height (e.g. figures 36 and 37) it became apparent 
that an inverse relationship existed between density and size 
f~r this population. The following an~lysis provides a strong 
argument for density dependent growth in this clam. 
Regression of mean shell length with mean density for each -
area sampled at different times was a significant (p<<.OOl) 
inverse relationship as shown in figure 52 and Table 7. The 
line plotted is only based on areas 2 through 5. This is done 
because area 1 is a fringe area, contains few individuals and is 
not representative of the population (figure 55). The following 
hypothesis is advanced. As density increases the resources per 
individual decrease ; therefore the growth rate of the indivi-
dual decreases. 
The hypothesis of density dependent growth of individuals 
was tested on the easily distinguished 1+ group which was living 
in the nursery areas 2 and 5. Analysis of variance indicated 
that area 2 was significantly more dense than area 5 over the 
time interval (p<.001). The growth of this cohort in the two 
areas is shown in figure 53. For each month following August, 
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1974, the means are significantly different. After 1 3/4 years 
of growth, the group in area 2 averaged 2.8 em and the group in 
area 5 averaged 4.0 em. Further evidence of the extent of density 
dependent growth is seen in figure 56 for August, 1975, a typical 
month. In areas 2 and 3 all modes are further to the left than in 
the less populated areas 1, 4 and 5. Even the largest mode, which 
is composed of several year groups, is distinctly affected. 
It is of interest to know, for this population, what is the 
threshold density above which growth is negatively affected. To 
2 do this, the cumulative length of clams found in each t m sample 
was plotted against its biomass in numbers. Cumulative length 
was found to be the best measure of biomass because weight 
changed seasonally to the degree where relationships would be 
masked. This is shown in figure 56 with the mathematical relation-
ships in Table 8. 
The two lines shown are (1) the theoretical relationship, 
based on density independent growth, in which the slope is the 
grand mean lf all clams collected and (2) the actual relationship 
2 
of biomass per ~ m sample against the number of individuals or 
!!density", which shows density dependence. These lines intercept 
at 14.49 clams/tm2 • At that point density dependence has no 
effect. Below it there is a relative abundance of food and/or 
space and above it a crowded situation erupts. A clearer picture 
is presented in figure 57. This represents the difference between 
the two curves. The line of inverse slope represents the potential 
rate of growth of the density dependent situation as related to 
the density independent situation. When ~~J~~ = 0 there is 
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dG/dt . density independence and when dD/dt = x where x t 0, there is 
density dependence. G = Growth; t = time; D = Density. As 
density increases it is clear that the stress of reduced food 
and growth will result in a threshold density of emigration or 
mortality. Empirical data suggest this threshold is near 24 
clams/~m2 , as this was the highest density recorded. 
It is also of interest to see how density dependency affects 
fecundity. In less dense areas the resulting larger animals have 
a disproportionately greater fecundity, as figure 48 indicates. 
Where the clams are dense, they are stunted and a much lowered 
fecundity is the result. This is an effective measure for 
stability in the species. 
Phoronopsis harmeri 
In order to get some idea of Phoronid population dynamics, 
a Two-way analysis of variance was run on the phoronid abundance 
data. Two way ANOVA showed that there was a significant tidal 
height x time interaction (Fs(24, 140 dt) = 1.83 pc.025). 
Perhaps this was due to totally unpredictable recruitment or 
mortality. Also, the test indicated temporal stability of 
numbers (Fs(6, 24 df) = 2.22 .1>p>.05) but differences in 
abundance with tidal height (Fs(4, 24 df) = 41.11 p<.001). 
There is a similarity between~ secta and~ harmeri in 
abundance patterns and tidal range. On figure 51 is plotted the 
mean abundance of M. secta per ~ m2 against mean abundance of 
~ harmeri per 0.01 m2 for all areas and dates. The logarithmic 
relationship is highly significant (p<.OOl). The distribution 
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of the worm was highly contagious at . 2 the 0.01 m level of hetero-
geneity (Usher, 1973). The variance to mean (s2/X) ratio in 
most computations of abundance approximated 6. However this 
was from a relatively sparse population. Johnson (1959) 
found that ~ harmeri had an even distribution in very dense 
beds. Despite the positive correlation I found with M. secta, 
when very high densities of worm are acheived, M~ secta is driven 
out (T. Ronan, pers. comm.). This suggests that the data given 
may represent part of a parabolic relationship. 
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DISCUSSION 
With the knowledge of the population dynamics and life 
histories of ~ secta and ~· nasuta, some interesting compar-
isons can be made. A synthesis of current information enables 
us to say that ~ secta is mainly a deposit feeder, with little 
dispute (Pohlo, 1967, 1969). However, ~ nasuta has been consid-
ered a strict filter feeder (Reid and Reid, 1969) and a strict 
deposit feeder (Hylleberg and Gallucci, 1975; MacGinitie, 1935; 
Pohle, 1967, 1969). Yonge (1949) believed all tellinids to be 
deposit feeders. As a by product of histological work describing 
the seasonal gonadal cycle, for both species, I concur that adult 
~ secta are basically deposit feeders on sandy substrate. How-
ever, M. nasuta appears to be a facultative feeder. Throughout 
most of the year the gut is filled with amorphous organic matter 
and some clearly identifiable diatoms. This organic matter may 
have been ingested by deposit feeding, albeit highly selective, 
or by suspension feeding on resuspended _organic debris. E.H. 
Smith (pers. comm.) indicates M. nasuta will ingest carmine part-
icles from th~ water column. However in March, 1974 and March, 
1975, the gut was primarily filled with sand. Possibly that time 
period produced the most stress on the animal, in terms of food 
availability and it resorted to deposit feeding. Rhoads and Young 
(1970) have indicated that active deposit .feeders rework the fine 
substrates, increasing their water content in the process. Since 
the water content is a stable 20.0% throughout the sandy and muddy 
substrates, it is doubtful that any significant deposit feeding 
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is occurring in the mud where M. nasuta lives. 
Suspension feeders typically inhabit sandy substrate and 
deposit feeders inhabit muddy substrate (Rhoads and Young, 1970; 
Levinton, 1972), however~ secta and~ nasuta are exactly the 
reverse. This may be explained in part by the supposition that 
for intertidal sympatric species the suspension feeder opts for 
the lower zone because of its dependence on the water column, 
irrespective of substrate. M. secta must be highly evolved to 
its feeding style since bacteria are most numerous in fine 
grained deposits (Newell, 1965). New~ll (1965) used this to ex-
plain the distribution of the deposit feeder M. balthica, in the 
intertidal muds. 
With this in mind, the two species of Macoma may be compared 
as to population strategies. The N. secta population studied 
was characterized by stable abundances and size structure over 
a year's time. ~ secta is relatively longevous, of large size, 
has low fecundity, low recruitment, low mortality, low Production/ 
Biomass ratio and is susceptible to density dependent effects. 
This agrees with Frank's (1968) prediction that in stable commun-
ities, a major fraction of species are longevous. The three 
major species of the community have temporally stable populations 
and the characterizing species of the community, M. secta, is 
longevous. Levinton (1972) made the statement that deposit feeders 
are usually more stable in abundances than filter feeders. M. 
secta dynamics further verify his idea. All the characteristics 
of this population fit the model of a biologically accomodated 
animal (Sanders, 1969) living in a rather "mature " community 
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(Margalef, 1963). These models represent the best attempts to 
date to understand the dynamics of an animal such as M. secta 
and how they relate to environmental fluctuations and evolution-
ary strategies. 
Before comparing to ~ nasuta, it is necessary to point 
out that the whole community studied appears rather stable 
temporally. ~ secta, M. nasuta and Phoronopsis harmeri con-
stitute practically all the biomass of the area in numbers and 
weight and were shown to have temporal stability in numbers for 
the study period. 
M. nasuta can be given the same life history attributes as 
li!_ secta when compared to other benthic invertebrates; however, 
within these boundaries, ~. nasuta has attained a modified life 
history, possibly due to its dependence on filter feeding. This 
mode of feeding is characterized by irregular bursts of food avail-
ability. This instability is bound to affect the population (Le-
vinton, 1972). It has a higher fecundity, smaller size, higher 
recruitment, higher Production/Biomass ratio, apparently higher 
mortality, shorter life span and lack of density dependent effects. 
This is typical of an animal living in a more harsh environment. 
Perhaps the stress is the food availability but it may be part of 
a larger picture. 
Castenholz (1967) proposed the idea that the intertidal zone 
can be more stable than the subtidal in regions lacking climatic 
extremes. This is exactly the opposite of the general view. 
However, in the mild climate of the west ~oast, the intertidal 
animals may be more than prepared evolutionarily for local 
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extremes in weather, whereas subtidal animals evolved as 
"biologically accommodated", such that a weather change may 
greatly affect them on a low spring tide. These "biologically 
controlled" communities may be more unpredictable. Macoma 
dynamics seem to agree with this idea. M. secta is stable in 
the mid tide horizon and M. nasuta is less stable in the low 
tide horizon • . In addition, populations of both the high inter-
tidal marsh snail Batillaria zonalis (Whitlatch, 1974) and the 
littoral fringe snail, Littorina planaxis, of the rocky inter-
tidal zone (Schmitt, 1974), both west coast species, fit 
Castenholz' argument. Both possess the attributes of stable 
populations. 
The relation of reproductive life history to population 
stability is vital to population ecology (Cole, 1954; Murdoch, 
1966). Murphy (1968) has concluded that longevity and itero-
parity are selected for in periods when pre-reproductive mortality 
is high and adult mortality low. In light of the heavy juvenile 
mortality of February, 1975 and high adult survival rate for 
M. secta, Murphy's conclusion may explain why the species is 
long lived and is the largest Macoma. 
The phenomenon of size gradients with shore level for mol-
luscs has been reviewed by Vermeij (1972). He generalized 
that for high intertidal molluscs, the largest individuals are 
found at the highest levels and for low intertidal molluscs the 
largest individuals are found low. There can be many factors 
responsible for these gradients. Principally he believes that 
shore level gradients in mortality _for post larval prereproduc-
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tives is the cause and that these individuals will respond by 
seeking a low mortality zone. It has been shown that Gemma 
gemma (Green and Hobson, 1970) and M. balthica (Green, 1973) 
show size gradients because of faster growth based on higher 
temperatures in the upper intertidal zone. Edwards (1969) 
indicated that larger Olivella biplicata can better with-
stand desiccation arid survive the harsher upper zone to which 
they migrate. This gradation in sizes may often reflect an 
effective range extension such that older hardier animals 
can move to less dense fringe areas, thus evening out densities. 
However, in some cases it appears that density dependent growth 
of individuals is the cause. 
In the case of M. secta, the size gradient se ems to be 
due to an inverse relationship of abundances with density and 
growth. The limiting resource is probably volume of soil in 
terms of food and not in terms of space. ~ secta does not 
display obvious territoriality since it has a random dispersion 
pattern (S. Obrebski, pers. comm.). Density dependence has 
often been studied in terms of regulation of population numbers 
through various mechanisms, including mortality (for benthic 
invertebrates see Mileikovsky, 1974; Thorson, 1966). Density 
dependent growth of individuals represents the alternative, 
where biomass (weight/area) is maintained at the carrying level 
of the environment but not at the expense of numbers of individuals. 
This may be more efficient for the species because in the event 
of a local catastrophic mortality, the remaining population 
would more quickly be able to restore biomass through growth 
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than by recruitment. This resilency would be useful to certain 
species. 
Sutherland (1970) explained that the siz~ gradient for 
Acmaea scabra was probably due to density factors wherein food 
was the limiting resource. That energy flow equality was 
demonstrated for two populations (Sutherland, 1972) further 
indicated this. 
Certain conditions were necessary in order that density-
dependent growth could be demonstrated. The densities in each 
area had to remain constant over the time period, and for best 
results the size-frequency structure had to remain the same. 
Previous ANOVA showed temporal stability in abundance in each 
area. Figure 55 indicates the temporal constancy of the size 
structure. The adult modes remained stable and the only obvious 
change was juvenile growth. This showed that migration perpen-
dicular to shore was virtually non-existent. It was rather · · 
strange that individuals in the dense areas 2 and 3 did not 
migrate into the less dense areas. When H. balthica is infected 
with Trematodes, it behaves strangely in that it travels just 
under the substrate (Swennen, 1969). Bra~ield and Newell (1961) 
did not realize the cause but noticed that its tracks always 
looped about each other in the course of a day. They determined 
that the animals maintained their position on shore by ''homing" 
using the sun to navigate. Perhaps H. secta does likewise. 
It could be argued that ~ secta grows faster higher up 
in the intertidal zone because of higher sediment temperatures 
and consequent higher metabolism, such as for Gemma gemma (Green 
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and Hobson, 1970) and M. balthica (Green, 1973); however this is 
probably not the casa here. Those clams are found near the 
surface of the substrate and are subject to temperature changes 
but M. secta is found from 40-70 em deep. As Johnson (1965) 
points out, diurnal temperatures have little effect below 10 
em. In addition, at those depths in the sediment, data in-
dicates little interstitial temperature difference with tidal 
height (figure 32). 
One last condition is that the different growth rates do 
not simply reflect food density. ~ secta is mainly a deposit 
feeder and the assumption is that food density either remains the 
same or even decreases with increased tidal height. Preliminary 
findings (W. Evans, pers. comm.) indiCate that the amount of 
food material adhering to sand grains does not change with 
tidal height and the amount of flocculant material actually 
decreases with increasing tidal height in the area studi~d. 
Density dependency appears to act in two ways on populations 
of Tellina tenuis. For a population similar to M. secta in terms 
of size gradient and densities, Stephen (1928, 1929) thought the 
rate of growth may be influenced by density. It also appears 
that the predation on the siphons of ~ tenuis by plaice may be 
density dependent (Trevallion, Edwards and Steele, 1970). There 
is a threshold density of clams below which predation apparently 
ceases. High densities of the clam result in heavy predation, 
resulting in possible lower fecundities. Energy for reproduction 
is shunted to repair and of course the siphons are important organs 
in the acts of feeding and spawning. 
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One factor believed to influence differences in growth for 
Strongylocentrotus purpuratus, the purple sea urchin, is food 
availability. This factor has been shown to be inversely re-
lated to density (Ebert, 1968). This view, that the density 
of the food resource determines rates of birth, death, consump-
tion, growth and production has been modelled by Brocksen, Davis 
and Warren (1970) and illustrated by empirical data~ 
Figure 35. Sediment data. 
Graph of beach slope - tidal height in em for each stake 
u. 1. - upper limit of sampling area 
Table of sediment data for each area 
- mean particle size 
- percentage mud 
- percentage water 
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Tl DE 90 
HEIGHT 60 
(CM) 30 
0 
1 2 3 4 5 u.l. 
· LOW STAKE NO. HIGH 
AREA I II III IV v 
He an 
~ 224. 243· 243· 251. 242. 
Particle 
~ 2.16 2.04 2.04 1. 99 2.05 
Size 
% mud (>4~) 5.4 1.2 0.5 0.3 0.2 
% water 19.8 19.8 20.0 19.6 19.7 
Figure 36. Mean abundances for each area for 
February, 1975 for : 
(1) J:h secta (No. 2 clams/t m ) ( ) 
(2) lh nasuta (No. 2 clams/t m ) (- -) 
( 3) P. harmeri (No. phoronids/.01m2 ) ( ....... ) 
Vertical bars represent 95% confidence intervals. 
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Figure 37. Mean shell length for each area for 
February, 1975 : ( 1) All M. secta (---) 
(2) Adult M. secta ( ••••••• ) 
( 3) All lh nasu ta (- - - -) 
Vertical bar~ represent 95% confidence intervals. 
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February, 1975 
··. + ..· 
· ............... . 
·· ... t ........ . 
t----------t 
.. 
... 
.. 
... 
... ... f· 
o~~----~------~----~~----~ 1 
LOW 
2 3 
Area 
4 5 
HIGH 
I 1 2 Figure 38. Overall mean abundance ~ m for 
~ secta. Thin vertical bars represent 95% confidence 
intervals. Thick vertical bars represent 50% confidence 
intervals. Gran d mean is also shown. 
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Figure 39. Size frequency distributions for 
fu secta. 
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Table 2. 
M. secta - Kolmogorov-Smirnov test results 
1974 Aug 
Oct 
Dec 
1975 Feb 
Apr 
Jun 
1975 Aug 
- . 
ns -
ns ns --
ns ns ns -
ns ns ns ns -
ns ns ns ns ns -
* ns * ns ns nsl-
Aug Oct Dec Feb Apr Jun Aug 
1974 1975 1975 
~ nasuta - Kolmogorov-Smirnov test results 
1974 Aug -
Oct ns -
Dec ns ns -
1975 Feb ns ns ns -
Apr * ,.. * ns -
Jun ns ns * ns ns --
1975 Aug * * * * * ns l-
Aug Oct Dec Feb Apr Jun Aug 
1974 1975 1975 
Significance at 5% level * 
Non significance ns 
Figure 40. Mean shell length for Macoma secta. 
Symbols as in Figure 38. 
-73-
-E 6.o 
u ~ 
-
L 
•-t- t -·I-
o> c . t-
<L> 
_j 5.0 
. 
t 
... 
<L> 
_c . 
<.f) 
4.0 
. 
A'S 0 N D'J F M A'M J'J A 
1974 1975 
Month 
Figure 41. 2 Mean abundance I i m for each area for 
~ secta. Each area labelled. 
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Table 3 ~ Model II 2 way Analysis of Variance for the spatial -
temporal analysis of abundances for ~ secta. 
SOURCE df ss MS Fs Probability 
Subgroups 34 3893-96 114.53 
A (areas) 4 3562.53 890.63 84.10 p<.< .001 *** 
B (times) 6 77.16 12.86 1.21 .50>p>.25 ns 
A X B 24 254.27 10.59 1. 31 .25>p>.10 ns 
Within Subgroups 70 564.00 8.06 
Total 104 4457.96 
I 1 2 Figure 42. Overall mean abundance ~m for 
~ nasuta. Symbols as in Figure 38. 
10 
(\J E s 
~ 
-or-
" 6 
(f) 
-76-
. 
E 4~--~--~--~·~~~ ~~--~-
ro . 
u 2 
. 
0 
~ o~~~-+~~~+-~~~--~+-~~ I o I o . 
A S 0 N D J F M A M J J A 
1974 1975 
Month 
Figure 43. Size frequency distributions for ~ 
nasuta. 
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Figure 44. Mean shell length for ~ nasuta. Sym-
bols as in Figure 38. 
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Table 4 - Model II 2 way Analysis of Variance for the spatial -
temporal analysis of abundances for M. nasuta. 
SOURCE df ss MS Fs Probability 
Subgroups 13 298.310 22.95 
A (areas) 1 197.167 197.17 31 ·4 p<.005 
B (times) 6 63.476 10.58 1.68 .50>p>.25 
A X B 6 37.667 6.28 1.35 .50>p>.25 
Within Subgroups 28 130.667 4.67 
Total 41 428.976 
Figure 46. Population Time Mean Square with tidal 
height for~ secta. Relation shown: y = .49x + 9.6 
Ordinate on logarithmic scale. 
Figure 47. Population Time Mean Square with tidal 
height for ~ nasuta. Ordinate on logarithmic scale. 
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Figure 48. Dry weight (gms) against shell length 
(em) for ~ secta for February 20 (Inactive) and August 10 
(Ripe). Ordinate on logarithmic scale. 
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Figure 49. Dry weight (gms) against shell length 
(em) for~ nasuta for February 20 (Inactive) and August 10 
(Ripe). Ordinate on logarithmic scale. 
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Table 5. 
~ secta- Relationships of weight (gms) to length (ems). 
Dry weight 
Feb 20 ln y = e844X - 4.951 r = .93 n = 26 
t (24 df) = 12.78 *** 
Fs(1,24 df) = 163.37 *** 
Aug 10 ln y = .927x - 5.039 r = .97 n = 30 
t (28 df) = 21.75 *** 
F ( 1 ,28 df) = 472.96 *** s 
Wet weight 
Feb 20 ln y = .818x - 2.213 r = ·97 n = 26 
t (24 df) = 20.07 *** 
F s(l ,24 df) = 402.77 *** 
Aug 10 ln y = .921x- 2.511 r = .98 n = 30 
t (28 df) = 29.46 *** 
Fs(1,28 df) = 868.16 *** 
*** p<< .001 
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Table 6. 
M. nasuta- Relationships of weight (gms) to length (ems). 
Dry weight 
Feb 20 ln y = 1.015x- 5.595 r = .98 n = 17 
t ( 15 df) = 18.14 *** 
Fs(1,15 df) = 329.14 *** 
Aug 10 ln y = J .008x - 4.670 r = .98 n = 26 
t (24 df) = 22.73 *** 
Fs(1,24 df) = 516.65 *** 
Wet weight 
Feb 20 ln y = 1.109x- 2.781 r = .98 n = 17 
t (15 df) = 18.12 *** 
Fs(1,15 df) = 328.20 *** 
Aug 10 ln y = 1.029x - 2.227 r = ·99 n = 26 
t (24 df) = 40.46 *** 
Fs(1,24 df) = 1636.65 *** 
*** p« .001 
Figure 50. Juvenile growth of 11.!. secta (0+ and 
1+ groups shown). 
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Figure 51. Mean abundance~ secta with mean abun-
dance .E.!. harmeri for each area on each sampling date. 
Relationship: 
ln(y+1) = ·3953ln(x+1) + .6720 r = .67 n = 35 
t(33 df) = 5.17 *** 
F6 (1,33 df) = 26.73 
*** p<.< .001 
*** 
For graphic presentation log10 - log10 scales 
are used. 
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area for M. 
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Table 7 - Relationship between mean length (cm)/area with mean 
density/area for ~ secta on each sampling date (area 1 omitted) 
Date Equation r N 
Aug 19 y = -.1127X + 7.296 -.70 4 
Oct 12 y = -.1221 X + 7.305 -.84 4 
Dec 23 y = -.1738X + 8.001 -.80 4 
Feb 22 y = -.0745X + 6.532 -~34 4 
Apr 20 y = -.1642X + 7.690 -.87 4 
Jun 14 y = -.1023X + 6.875 -.92 4 
Aug 10 y = -.1403X + 7-390 -. 71 4 
Figure 53. Mean shell length ~ secta juveniles 
from dense (area 2) and sparse (area 5) populations. 
Vertical bars represent 95% confidence intervals. 
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I 
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Figure 54. Size freq~ency distributions of M. 
secta for each area in August, 1975. 
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Figure 55. Size frequency distributions of ~ 
secta for each area on each date of collection. 
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Figure 56. Biomass (cumulative shell length) with 
the number (abundance) of fu secta from each ~~ m 2 sample. 
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Table 8. 
Theoretical density independent relation Y = 5.3193x 
Density dependent relation 
Aug 19 y = 4.641x + 10.543 
Oct 12 y = 4.730x + 9.209 
Dec 23 y = 4.735x + 11.770 
Feb 22 y = 4o943X -'- 7.755 
Apr 22 y = 3.519x + 24.693 
Jun 14 y = 4.415x + 11.462 
Aug 10 y = 4.772x + 3.900 
Y = 4.573x + 10.812 r = .94 
n = 94 
r = ·94 
t (92 df) = 26.02 *** 
F (1,92 df) = 676.78 *** 
s 
n = 14 
t = 9.91 *** F = 98.14 *** s 
r = ·97 n = 13 
t = 12.58 *** Fs = 158.38 *** 
r = .93 n = 14 
t = 8.56 *** Fs = 73.22 *** 
r = .94 n = 13 
t = 9.34 it·** Fs = 87.29 *** 
r = .87 n = 12 
t = 5.84 *** F = 30.06 *** s 
r = .97 ·n = 14 
t = 15.17 *** Fs = 230.22 *** 
r = . ·94 n = 14 
t = 9.41 *** Fs = 88.56 *** 
*** p<.OOl 
Figure 57. Rate of density dependent growth 
relative to density independent growth (horizontal line). 
Represented as differential biomass (cumulative ems) with 
"density' ' (no. clams I i; m2 sample). 
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SUMMARY 
Reproduction 
1. For a period of 13 months, biweekly samples of the sym-
patric tellinids, Macoma secta . and M. nasuta were collected for 
analysis of the seasonal gonadal cycle. 
2. A histological description of gametogenesis is given for 
mature animals of both sexes and both species. The seasonal gon-
adal cycle was divided into the following stages: Inactive, Early 
Active, Late Active, Ripe, Partially Spawned and Spent. Sexual 
maturity occurs rather late, whenfu secta is approximately 3.0 
em and ~ nasuta is ca. 2.4 em. 
3· Gonads of Inactive ~ se c ta are entirely disr up t ed and 
hardly recognizable while gonads of ~ nasuta remain organized 
and are filled with vacuolated '' follicle '' cells. 
4• fu nasuta females are characterized by non-cellular 
spherical inclusions in "follicle" cells which are probably nu-
tritive in function. They are numerous and large in size in the 
Inactive stage and decrease in numbers and size as gametogenesis 
progresses. 
5. Oocytes of both species possess amphinuclei. 
6. Males of both species demonstrate a pro gres sion of mei-
otic stages extending from primary gonia on the alveolar wall to 
spermatozoa in the lumen. 
7• Spawning probably took approximately 2-3 weeks for ~ 
secta individuals and 1-2 days for fu nasuta individuals. 
8. Phagocytosis is evident in all Spent males of Ih secta 
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but only rarely in M. nasuta. It is not noticed in the females 
of either species. M. nasuta sperm were the only gametes observed 
to overwinter, to be spawned the next year. 
9. The~ secta population was rather synchronous in its 
progression through the gametogenic stages. 
10. M .• secta spawned mostly in August, when the sea water 
was 15.5° c. 
11. Individuals of the fu nasuta population were rather · 
asynchronous in passing through the gonadal cycle. 
12. 
November. 
average. 
M. nasuta spawned twice, in April, and from A.ugust through 
. 0 
Spawning correlated with a 14 C sea water temperature 
13. The null hypothesis of 1 : 1 sex ratios was accepted 
for both species. No hermaphrodites were found. 
14. There was found no evidence for sex reversal in either 
species. 
15. No commensals or parasites were found in M. nasuta. 
16. Incidence of parasitism in fu secta is rare. Only one 
individual was infected with a trematode. 
17. Incidence of commensalism in fu sect a is also rare. 
The nemertean, Malacobdella grossa, was present on 3 individuals. 
18. Laboratory spawning was attempted for both species but 
was unsuccessful. 
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Population Dynamics 
1. Intertidal sympatric populations of Macoma secta and 
M. nasuta were studied for a period of 15 months in Tomales Bay, 
California, by stratified random sampling. 
2. ~ secta was found mostly in the Mid Tide Horizon along 
with Phoronops is harmeri and~ nasuta was found in the Low Tide 
Horizon (terminology from Ricketts, Calvin and Hedgpeth, 1969). 
3· The upper limit of M. secta was abrupt at +2.4 feet, 
one of the critical tide levels (Doty and Archer, 1950). 
4. Abundances did not change seasonally for M. secta. 
5. M. secta possessed a stable size frequency distribution 
composed of the o ~ and/or 1 ~ group and a large adult mode. 
6. There was significant seasonal variance in mean size of 
M. secta. However this was due to recruitment influence. 
7• For each of 5 contiguous areas, abundances of ~1 . secta 
were stable seasonally but varied significantly with tidal height. 
8. Abundances did not change seasonally for M. nasuta. 
9· M. nasuta was characterized by a rather unstable size 
frequency distribution. 
10. There was a highly significant seasonal variance in mean 
size of ~. nasuta. 
11. For the two lowest areas, abundances of M. nasuta showed 
seasonal stability but varied significantly with tidal height. 
12. A measure of seasonal population variability, the Popu-
lation-Time Mean Square, was found to have zero correlation with 
tidal height for }~. secta, meaning that environmental stress was 
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the same for individuals at each tidal height. This is believed 
related to the gradient of clam size to tidal height. 
13. Population variability was high in area 1 for M. 
nasuta. This may be due to human disturbance, batray predation 
or to Ulva matting in the lower area. 
14. Seasonal variations in weight to length indicate that 
11.!. nasuta has a high fecundity and ,!h secta's fecundity is low. 
15. Both species are longevous, living at least four years 
and probably 6-7 years. 
16. Recruitment of rather large "spat '' ( ca •• 5 em) was 
detected in 1 anuary for both speties. The reason for an absence 
of smaller sizes is unknown. 
17. Recruitment was very light for each species. 
18. Due to evidence of high mortality for juveniles of fu 
secta, the population input from recruitment to the adult struc-
ture was even smaller. Study of this population further backs up 
Murphy's (1968) hypothesis that animals with a high prereproductive 
mortality evolve to be longevous and iteroparous with late sexual 
maturity. 
19. Due to apparent low juvenile mortality in~ nasuta 
the input to the adults from recruitment was substantial in 
relation to the sparse adult population. 
20. Year round growth is indicated for juvenile fu secta. 
Growth is slower in winter. 
21. The standing biomass of each species is high compared 
to other bivalves. 
22. A size gradient with tidal height was shown for fu secta. 
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The largest individuals were found higher on shore. 
23. An argument for density dependence in ~ secta is given 
with emphasis on individual growth and realized population fec-
undities. · 
24. Analysis of population dynamics indicated that in 
comparison to ~ nasuta, ~ secta was more stable. This sup-
ports Castenholz' (1967) idea that where climate~ are mild, the 
intertidal communities are more stable than the subtidal com-
munities. 
25. Phoronid abundance did not significantly vary with 
time but did vary with tidal height. 
26. A positive correlation of Phoronid density with~ 
secta abundance was found. 
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APPENDIX I 
Aug 19 SPECIES A.REII. ABUNDANCES SIZES 
X 22~ c.i. X 22/E c.i. 
M. nasuta 1 4.67 .;.3.32 12.65 4.30 4.13 4·47 
2 2.00 
-4.57 8.57 4.00 3.51 4·49 
H. sect a 1 2.6? -6.74 12.07 6.13 5.79 6.49 
2 18.33 14.54 22.13 4·44 3.98 4.91 
3 21.33 13.74 28.92 5.17 5.03 5.32 
4 15.00 4.17 25.83 6.26 6.06 6.45 
5 8.67 -.o6 17.39 6.18 5.58 6.78 
M. secta 1 .S~_HE AS ABOVE 
(without 
juveniles) 2 5.40 5.25 5.56 
3 5.21 5.10 5·35 
4 SAME AS ABOV~ 
5 6.53 6.17 6.89 
P. harmeri 1 Enteromorpha cover 
2 54.6 11.01 98.19 
3 38.4 7.86 68.94 
4 4.8 -.35 9.95 
5 .2 -.36 .76 
Oct 12 M. nasuta 1 5.33 3.90 6.77 4.08 3.66 4.50 
2 2.00 -.48 4.48 4-15 3.88 4·42 
-110-
Oct 12 SPECIES AREA ABUNDANCES SIZES 
! 95% c.i. x · 95% c.i. 
M. secta 1 1.00 
-3.30 5.30 4-87 -.44 10.17 
2 16.67 6.63 26.71 4.86 4.52 5.19 
3 19.33 17.90 20.77 5.21 5.03 5·38 
4 11.67 5.41 17.92 6.07 5.87 6.28 
5 11.67 6.50 16.94 5-83 5.22 6.43 
M. secta 1 6.10 6.10 6.10 
(without 
juveniles) 2 5.29 5.12 5-45 
3 SAME AS ABOVE 
4 SAME AS ABOVE 
5 6.64 6.38 6.90 
P. harmeri l 1.00 -.24 2.24 
2 14.60 -2.55 31.75 
3 25.80 10.69 40.91 
4 5.60 -.o6 11.26 
5 2.80 .11 5-49 
Dec 23 M. nasuta 1 4-67 1.80 7·54 4·49 4.20 4.79 
2 1.33 -4.40 7.07 4.15 3·99 4.31 
3 ·33 -1.10 1.77 3-70 
M. secta 1 1.67 -2.13 5.46 6.34 5-74 6.94 
2 15.33 .78 29.89 4.81 4-48 5-15 
3 17.00 8.04 25.96 5.32 5.08 5.56 
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Dec 22 SPECIES _ AREA ABUNDANCES SIZES 
! 95% c.i. ! 95% c.i. 
M. secta 4 13.00 6.43 19.57 6.08 5.81 6.36 
5 10.00 3-43 16.57 6.21 5.63 6.79 
M. secta 1 SAME AS ABOVE 
(without 
juveniles) 2 5.21 5.05 5.36 
3 5-41 . 5.20 5.62 
4 6.19 6.02 6.36 
5 6.84 6.58 7.11 
P.harmeri 1 1.00 -.24 2.24 
2 32.60 8.87 56.33 
3 24.80 4.15 45.45 
4 2.00 -.32 4.32 
5. o.o 
Apr 20 M. nasuta 1 8.oo 1.43 14.57 3.62 3.27 3·97 
2 1.33 -1.54 4.20 3.80 3.46 4.14 
M. secta 1 
2 19.00 14.03 23.97 4.48 4.11 4.84 
3 14.00 9.70 18.30 5-73 5-47 5·99 
4 11.00 6.70 15.30 6.07 5.86 6.29 
5 11.67 1.63 21.71 5·34 4-73 5.96 
M. secta 1 
(without 
juveniles) 2 5.24 5.06 5.41 
3 5.87 5·69 6.04 
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Apr 20 SPECIES AREA ABUNDANCE SIZES 
X 95% c.i. X 95% c.i. 
M. secta. 
(without 
juveniles) 4 11.0 6.70 15.30 
5 11.67 1.63 21.71 
P. harmeri 1 
·4 -.71 1.51 
2 40.8 25.04 56.56 
3 35.6 17.36 53.84 
4 4.80 ·93 8.67 
5 4.20 -.87 9.27 
June 14 M. nasuta 1 5.00 2.52 7.48 4·03 3·74 4-33 
2 3.00 -5.96 11.96 1.76 .88 2.63 
M. secta 1 3·33 -4.26 10.92 5-38 4-36 6.40 
2 20.67 14.93 26.40 4.71 4-39 5.03 
3 15.33 6.61 24.06 5.40 5.12 5.68 
4 12.00 1.17 22.83 5-43 4-87 5·98 
5 12.67 6.41 18.92 5·75 5.23 6.28 
M. secta 1 6.04 5·73 6.34 (without 
juveniles) 2 5.20 5.06 5·34 
3 5.50 5.30 5.70 
4 6.11 5-85 6-37 
5 6.55 6.33 6.77 
P. harmeri 1 2.0 
-3.55 7.55 
2 67.6 45·4 89.8 
3 45.6 17.7 73·5 
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June 14 SPECIES ABUNDANCES . SIZES 
95% c.i. X 95% c.i. 
P. harmeri 4 8.8 
Aug 10 M. nasuta 1 10.67 7.80 13.54 3·44 3.10 3-79 
2 3·33 -.46 7·13 2.14 1.47 2.81 
M. secta 1 3·33 -5.39 12.06 4-43 3-44 5.42 
2 19.67 16.80 22.54 4-45 4-07 4-83 
3 16.33 11.16 21.50 5-58 5-39 5-76 
4 14.33 10.54 18.13 5.08 4-54 5.62 
5 14.67 9.50 19.84 5-33 4-79 5-87 
M. secta 1 6.03 5.67 6.38 (without 
juveniles) 2 5.30 5.15 5·45 
3 5.63 5-47 5.78 
4 6.03 5-84 6.22 
5 6.71 6.47 6-94 
P. harmeri 1 
2 45·4 -1.38 92.18 
3 52.4 21.62 83.18 
4 4-40 -.04 8.84 
5 .8 - -.82 2.42 
